and their metal complexes. 2, 3 Thus, many examples were reported of using these compounds as chromophores in phosphorescent europium complexes, 4 as well as chemosensors for metal cations. 5 In addition, some terpyridine-based liquid crystal materials were described. 6 In literature, there are several approaches towards 5,5'-diaryl 2,2':6',2'-terpyridines:
via the transformations of their 1,2,4-triazine precursors by means of aza-Diels-Alder reactions with various dienophiles; 1, 7, 8 Suzuki cross-coupling reactions of phenantrolines, 9 2,6-dibrompyridine, 9 or terpyridine,
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Stille cross-coupling reaction of 2,6-bistrimetilstannylpyridine, 11 cross-coupling between functionalized mono-and bipyridines. 12 In some cases the Krenke method was used, wherein the starting 2-acetyl-5-arylpyridines were synthesized by the combinations of cross-coupling reactions (for the introduction of aryl substituents), and the subsequent reactions of pyridyl-lithium intermediates with acetyl chloride for the introduction of acetyl group. 2, 13 It is worthy to mention that among these reported methods only few of them 12, 14 afforded the unsymmetrically functionalized 5,5''-diaryl-2,2':6',2''-terpyridines.
And only one case is reported for the synthesis of 5,6''-diaryl-2,2':6',2''-terpyridine and its analog, namely by means of sequential cross-coupling reactions of accordingly substituted terpyridines. 15 In this paper, we wish to report a convenient synthetic approach towards unsymmetrically functionalized 5,5'-diaryl-and 5,6,5''-triaryl-2,2':6',2''-terpyridines starting from inexpensive and readily available reagents. Due to the absence of aromatic substituents D r a f t 4 in α-positions of one or both side-chain pyridine rings the improved coordination properties, as well as photophisycal properties, of these ligands are expected.
Experimental Section

General
Unless otherwise mentioned, all common reagents and solvents were used from commercial suppliers without further purification. Melting points were measured on the instrument Boetius. 1 H and 13 C NMR spectra were recorded with Bruker DRX-400 spectrometer using Me 4 Si as an internal standard. Mass-spectra were recorded on MicrOTOF-Q II (Bruker Daltonics), electrospray as a method of ionization. Microanalyses (C, H, N)
were performed using a Perkin-Elmer 2400 elemental analyzer. UV-Vis. spectra were recorded on a Lambda 45 spectrophotometer (Perkin Elmer). Luminescence spectra were recorded on a Horiba Fluoromax-4 Spectrofluorometer.
Hydrazones of isonitrosoacetophenones, 16 (6-methylpyridin-2-yl)-5,6-diphenyl-1,2,4-triazine 13b, 25 6'-methyl-5-phenyl-2,2'-bipyridine 15a, 24 6'-bromomethyl-5-phenyl-2,2'-bipyridine 11a 24 were synthesized as reported previously.
6'-Methyl-5,6-diphenyl-2,2'-bipyridine (15b). 
General method for the synthesis of hydroxymethylbipyridines 17
The corresponding acetoxymethylbipyridine 16 (1 mmol) was dissolved in methanol (25 ml) . The solution of NaOH (200 mg, 5 mmol) in water (10 ml) was added and the resulting mixture was refluxed for 30 min. The methanol was removed under reduced pressure, and the residue was extracted with DCM (3 x 25 ml). The combined extracts were dried over anhydrous sodium sulfate, filtered, and the solvent was removed under reduced pressure. The obtained products were used for the next step without an additional purification. Initially, the two alternative synthetic approaches towards unsymmetrically arylated terpyridine core were considered, namely the Krenke method 17 and the "1,2,4-triazine" methodology. 18 In the first case, the proper location of aryl substituents in a terpyridine moiety can be achieved starting from two different (di)aryl-substituted 2-acetylpyridines (Scheme 1, route I). However, for the implementation of this method it is necessary to introduce an additional group in the position of 4' of terpyridine core, which is beyond the scope of this work, and the 2-acetylpyridines 2, 3 are not easily available compounds.
6'-Hydroxymethyl-5-phenyl-2,2'-bipyridine (17a). Yield 210 mg (80%
Besides, in the Krenke method the direct condensation of cycloalkane moiety to one of the side-chain pyridine ring of terpyridine core (from the standpoint of increasing the solubility of both the resulting terpyridines and their metal complexes in organic solvents 19, 20 ) could not be performed.
On the other hand, in the "1,2,4-triazine" methodology (Scheme 1, route II) the direct condensation of cycloalkane moiety, for instance, cyclopentane one, to one pyridine ring of terpyridine core can be easily performed by means of aza-Diels-Alder reactions with D r a f t enamines as dienophiles, 21 and the introduction of an additional substituent at the C4' position of terpyridine core is not needed. Additionally, this approach involves the use of only readily available reagents (as opposed to a Krenke method), and simple synthetic procedures.
Considering the importance of all these factors, this pathway was chosen as a key methodology for the synthesis of our target terpyridines.
Implementation of "1,2,4-triazine" approach requires the synthesis of corresponding 
triazine is the condensation of hydrazones isonitrosoacetophenones 6 with the corresponding bipyridine-6-carbaldehyde 7 22 (see Scheme S1 in Supplementary information). Another alternative method is the reaction of 2-bromacetophenone 8 with two equivalents of hydrazides of the carboxylic acids 9, 23 but this option obviously less desirable since it requires two equivalents of the less available bipyridine-6-carboxylic acid hydrazide. Thus, our further search has been directed to find a convenient method for the preparation of aldehydes 7. Based on the literature the aldehyde group can be introduced in the bipyridine core through a series of transformations of mono-or dibromomethyl group, as well as ester groups. Obviously, the preparation of bipyridines 10-13 is also possible by means of "1,2,4-triazine" methodology. In the case of 6-aryl-5H-1,2,4-triazines 14, 15 the pyridine residue can be modified by either the ester group 19 or methyl group, 24 which can be brominated further.
As for the 5,6-diaryl-1,2,4-triazines, the direct introduction of the ester group is not described in the literature, while the carboxyl group can be obtained by the oxidation of the methyl group. 25 In addition, it was reported earlier that the preparation of 6-aryl-5H-1,2,4-triazines 11 bearing the ester group in the α-position of the pyridine substituent.
Thus, the synthesis of aldehyde 7 (see Scheme S1 in Supplementary information) starting from 1,2,4-triazines bearing the α-methylsubstituted pyridine substituent was chosen as the most convenient approach.
Targered approaches
In the first step 3-(6'-metylpyridyl-2')-1,2,4-triazines 13 were obtained according to described procedures. 23, 24 Next, these compounds were converted into the corresponding 
Photophysical studies of the resulted terpyridines 1
For all new terpyridines we have investigated the photophysical properties, and their absorption and emission spectra are presented in Fig. 1-2 . As illustrated in Table 1 acetonitrile solutions of terpyridines 1 exhibited the intensive emission in the range of 353-394 nm. A very pronounced bathochromic shift in both the absorption and emission spectra was observed for terpyridine 1c, due to the contribution of three phenyl residues D r a f t 13 simultaneously introduced into the terpyridine core, and, thus, the improvement of the conjugation of the poly(hetero)aromatic system. However, the quantum yield for the compound 1c was significantly lower compared to terpyridines 1a-b. Probably, the lowering of the quantum yield is due to the large contribution of n-π* excited state in the fluorescence,
i.e. a large contribution of the non-radiative transitions. We also compared the photophysical properties of new compounds with previously published data of similar structure. According to literature 1 the introduction of two cyclopentene fragments into the terpyridine core had limited affect on the absorption and emission spectra, while only a slight increase in the fluorescence quantum yield was observed (Table 1 , entry 4). On the other hand, a significant bathochromic shift of the emission maximum (533 nm) was observed upon the introduction of the 4-methoxyphenyl residue in the position of C4' of terpyridine core (Table 1, entry 5 ). In addition, less significant hypsochromic shifts in the absorption spectra maxima were observed for the 5,5'-diaryl-6,6'-dicyanoterpyridines (302-313 nm), and bathochromic shifts in the emission spectra maxima were observed for p-tolyl-and 4-methoxyphenyl-substituted terpyridines (Table 1, 
D r a f t
It is worthy to mention, that some authors 9 reported that the introduction of both sterically-constrained and electron-donating manisyl (2,6-dimethyl-4-methoxyphenyl)
residues into the positions of C5-and C5'-, and C6-and C6'-of terpyridine core resulted in a slight hypsochromic shift in the absorption spectra maxima (284-286 nm), while in the emission spectra the values of bathochromic shifts were somehow greater in comparison with herein reported compounds (408-412 nm) ( Table 1 , entries 9-10).
Conclusion
In summary, in this paper we proposed an effective synthetic approach towards functionalized unsymmetrical 2,2':6',2''-terpyridines bearing aromatic substituents at positions 5, 5'' or 5,6,5'' of terpyridine core, and possessing an anneleted cyclopentene unit in one of the side-chain pyridine ring for the improved solubility in organic solvents. The herein reported synthetic approach is based on using inexpensive and readily available reagents, as well as simple synthetic protocols. The photophysical properties of new compounds were studied.
For the most representative compounds pronounced bathochromic shifts in both absorption and emission spectra were observed compare to previously described substituted terpyridines. D r a f t 
